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Certain groups of bacteria exhibit cooperative behavioral patterns only when 
there is a sufficiently large population of bacteria present. This minimum behavioral 
unit has been described as a 'quorum' of bacteria (Fuqua et al., 1994). To monitor 
their population density, bacteria have an environmental sensing system known as 
autoinduction. The bacteria produce a compound termed autoinducer that is 
permeable to the cell membrane and will accumulate in the surrounding growth 
medium. If cell density is low, the autoinducer will passively diffuse out of the cells 
down a concentration gradient, but if cell density is high, autoinducer will begin to 
accumulate intracellularly as the concentration gradient decreases. Therefore, 
autoinducer allows bacteria to differentiate between free-living (low cell density) state 
and host-associated (high cell density) state, and autoinducer can turn on genes 
necessary for certain bacterial behaviors (Fuqua et al., I 994), thereby regulating 
transcription. One of the most widely studied autoinduction systems is that of Vibrio 
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fischeri, first described in the early 1970's by Nealson (1970) and Eberhard (1972). V. 
fischeri uses autoinduction to regulate phenotypic expression of bioluminescence, the 
biological production oflight. The genetic elements required for autoinduction of 
luminescence in V. fischeri are the luxR and the /uxI operons, which code for the 
transcriptional activator and the enzymes required for bioluminescence, respectively. 
Several bacteria have been placed in the LuxR/1 family due to sequence homology, 
particularly at the amino acid level. 1!,awardsiella ictaluri is the causative agent of 
enteric septicemia of catfish (ESC), a serious infectious disease of the cultured channel 
catfish (Hawke, 1979). The acute and the chronic forms ofESC involve different 
routes of infection and may' involve different infectious doses of bacteria, and so it may 
be possible that quorum sensing is involved in the expression of virulence factors. 
Therefore, it is hypothesized that the expression of virulence factors by E. ictaluri is 
regulated by a LuxR/LuxI-like system of transcriptional control homologous to that 
characterized in Vibrio fischeri. DNA was isolated from V. fischeri, Pseudomonas 
aeruginosa, E. coli, and E. ictaluri, and was cut with restriction enzyme San to obtain 
DNA fragments containing the luxR/1 operon. The DNA was transferred to a 
membrane through Southern blotting (Southern, 1975), and the DNA fragments were 
probed with a 32P-labeled nucleotide sequence that had been composed .to anneal to 
luxR homologues. Fragments were also ligated into the plasmid vector pGEM to 
develop a library of£. ictaluri clones for possible colony blot hybridizations. The 
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results showed cut fragments of E. ictaluri were unsuccessfully ligated into the vector, 
so no plasmid was identified that may have carried a lux homologue insert. Also, the 
probe annealed to the V. jischeri DNA but not the E. ictaluri DNA. Together, these 
results lead to a null hypothesis. Therefore, it was concluded that E. ictaluri is not a 
member of the luxRJ luxl family of transcriptional activators. 
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Introduction 
Edwardsiella ictaluri and Enteric Septicemia of Catfish 
A disease termed enteric septicemia of catfish (ESC) was first described by J.P. 
Hawke (1979). The etiological agent ofESC was eventually identified as 
Edwardsiella ictaluri (Hawke et al., 198 I). By the mid to late I 980's, ESC had 
become the most serious infectious disease problem of the cultured channel catfish, 
/ctalurus punctatus, in the United States. In 1986, ESC accounted for approximately 
26% of the diseases of all fish species in the southeastern United States (Ainsworth et 
al., 1986). Although the channel catfish is the principal species affected by E. ictaluri, 
it has also been isolated from two aquarium species, the danio (Dania devario) and the 
green knife fish (Eigemannia vireens), as well as the walking catfish ( Clarias 
batrachus) of Thailand (Plumb, 1988). 
E. ictaluri is a gram-negative bacterium that has been placed in the genus 
Edwardsiella within the family Enterobacteriaceae based on biochemical 
characterization and DNA-DNA homology (Hawke et al., I 981; Waltman et al., 
1986). Waltman et al (1986) biochemically characterized nearly 120 different isolates 
of E. ictaluri from Alabama, Georgia, Mississippi, and other areas in the southeastern 
United States. The biochemical characteristics of E. ictaluri are summarized in Table 
1. Edwardsiella ictaluri shares features with another member of this genus, E. tarda 
(Waltman et al., 1986). Both species produce disease and mortality in fish, with E. 
ictaluri primarily targeting catfish whereas E. tarda may target several species of fish. 
Biochemically, the two species exhibit a number of common characteristics, with some 
differences in production of indole, production of H2S in SIM medium, growth at 
42°C, and motility at 37°C by E. tarda but not E. ictaluri (Waltman et al., 1986). 
Another member of this genus, E. hoshinae, possesses similar properties of both E. 
ictaluri and E. tarda, but some potential important differences in the pathogenic 
properties of these three species may help explain differences in environmental 
distribution and their ability to cause disease in humans (Janda et al., 1991 ). 
E. ictaluri causes disease primarily when water temperatures range from I 8'C 
to 28°C, with these temperatures occurring usually in the early summer and autumn 
months. Hawke (1979) first described E. ictaluri as being an obligate aerobe, but 
Plumb and Quinlan ( 1986) determined that E. ictaluri could survive in pond water at 
5°C and 25°C, and in bottom mud at 5°C, l 8°C, and 25'C. Their data demonstrated 
that E. ictaluri could survive in bottom mud for long periods, thus mud may be a 
source of infection from spring through fall (Plumb and Quinlan, 1986). Mqolomba 
and Plumb (1992) determined that channel catfish can be carriers of E. ictaluri, and 
therefore may serve as a source of infection for other fish. 
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Table 1. Some biochemical and enzymatic characteristics of E. ictaluri (adapted from 
Waltman et al., 1986). 
Characteristic or Number % Characteristic or Number % 
substrate tested tested positive substrate tested tested uositive 
Simmons citrate 119 0.0 Adonitol 112 0.0 
Urea 119 0.0 Arabinose 115 0.0 
Malonate 110 0.0 Cellobiose 113 0.0 
Phenylalanine 119 0.0 Cellulose 115 0.0 
Indole 119 0.0 Dulcitol 115 0.0 
Lysine 119 100.0 Esculin 118 0.0 
Arginine 119 0.0 Fromate (gas) 103 80.6 
Ornithine 119 100.0 Fructose 118 100.0 
Nitrate 119 100.0 Galactose 118 100.0 
13-Galactosidase 119 0.0 Gluconate 116 0.0 
Oxidase 119 0.0 Glucose (acid) 117 l00.0 
Catalase 119 100.0 Gas (20°C) 104 100.0 
MR(20°C) 100 100.0 Gas (30°C) 110 100.0 
VP (20°C) 100 0.0 Gas (37°C) 104 53.8 
MR (37°C) 100 100.0 Glycerol 118 100.0 
VP (37°C) JOO 0.0 Inositol 113 0.0 
Gelatin 116 0.0 Inulin 113 0.0 
Casein 116 0.0 Lactose 118 0.0 
Elastin 116 0.0 Maltose 115 100.0 
Fibrinogen 116 0.0 Mannitol 117 0.0 
Lecithin 116 0.0 Mannose 114 l00.0 
Tween 20 44 0.0 Raffinose 116 0.0 
Tween40 44 0.0 Rhamnose 116 0.0 
Tween 60 44 0.0 Ribose 115 100.0 
Tween 80 116 0.0 Salicin 116 0.0 
Tween 85 116 0.0 Sorbitol 109 0.0 
Chondroitin S04 100 100.0 Sorbose 110 0.0 
Hyaluronic acid 50 0.0 Starch 116 0.0 
Pectin 50 0.0 Sucrose 114 0.0 
Alginate 50 0.0 Trehalose 113 0.0 
Collagen 116 0.0 Xylose 113 0.0 
DNA 116 0.0 
Chitin 116 0.0 Motility (20°C) 117 0.0 
Bacteriolysis 50 0.0 Motility .(30°C) 117 0.0 
MacConkey agar 119 100.0 Motility (37°C) 117 0.0 
Salmonella agar 96 99.0 
Brilliant green 94 100,0 H2S production (20°C) 112 0.0 
Cetrimide 116 0.0 SIM (30°C) 112 0.0 
Growth at 42°C 119 0.0 SIM (37°C) 112 0.0 
NaCl (1.0%) 93 100.0 
NaCl (1.5%) 93 93.0 H2S production (20°C) l09 13.8 
NaCl (2.0%) 93 0.0 Paper (30°C) 109 86.2 
NaCl (3.0%) 93 0.0 Paper (37°C) 109 38.9 
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Enteric septicemia of catfish can be an acute or chronic disease (MacMillan, 
1985; Newton et al., 1989). The earliest histopathological examinations offish 
infected with E. ictaluri suggested that both the nares and the intestine were possible 
routes of infection. The acute form ofESC follows introduction of E. ii::taluri into the 
gastrointestinal tract (Shotts et al., 1986), and may occur when fish eat infected 
carcasses or contaminated food, or possibly through ingestion of contaminated water. 
Large numbers of bacteria in the gut rapidly invade the intestinal lining and spread to 
other organs such as the liver, spleen, and kidney. Signs of a systemic infection begin 
to show within two weeks. Fish with acute ESC can often be identified in ponds by an 
abnormal spinning behavior exhibited by the swimming fish. Also, some fish may be 
seen "hanging vertically" near the surface of the water. Examination of the gross 
pathology of catfish with ESC revealed enlargement of infected organs, petechial 
hemorrhages throughout the body, pale gills, and/or bloody ascitic fluid (Blazer et al., 
1985). Histologically, lesions were found in the liver, intestine, kidney, spleen, and in 
skeletal muscle. 
Chronic ESC follows introduction of E. ictaluri into the nares (Shotts et al., 
1986), and occurs when fish take infected water or mud in through the nasal openings. 
This type of infection may be implicated through smaller numbers of bacteria. Chronic 
ESC involves the olfactory bulb and possibly reaches the brain through extension of 
the bacterial infection along the olfactory nerve (Shotts et al., 1986). Pathological 
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examination of catfish has revealed fewer hemorrhages in chronic ESC than compared 
to acute ESC, but is characterized by an open lesion over the fontanella of the frontal 
bone as well as erosion of the skeletal muscle of the jaw (Blazer et al., 1985). This 
characteristic 'hole in the head' lesion has been hypothesized to be the result of the 
production of enzymes that may digest cartilage and muscle. Natural chronic 
infections result in granulomatous hepatitis, enteritis, menengioencephalitis, and 
granulomatous inflammation of skeletal muscle of the jaw (Blazer et al., 1985). 
Chronic ESC may then proceed secondarily into a septicemia and result in death of the 
infected fish. 
Regulation of Phenotype Expression by Quorum Sensing 
Certain groups of bacteria exhibit cooperative behavioral patterns only when 
there is a sufficiently large population of bacteria present. This minimum behavioral 
unit has been described as a 'quorum' ofbacteria (Fuqua et al., 1994). To monitor 
their population density, bacteria have an environmental sensing system known as 
autoinduction. The bacteria produce autoinducer which is permeable to the cell 
membrane and will accumulate in the surrounding growth medium. If cell density is 
low, the autoinducer will passively diffuse out of the cells down a concentration 
gradient, but if cell density is high, autoinducer will begin to accumulate intracellularly 
because the concentration gradient decreases. Therefore, autoinducer allows bacteria 
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to differentiate between free-living (low cell density) state and host-associated (high 
cell density) state, and autoinducer can turn on transcription of genes necessary for 
certain bacterial behaviors (Fuqua et al., 1994). 
Vibrio fischeri Luminescence: A Model for Autoinduction 
One of the most widely studied auto induction systems is that of Vibrio jischeri. 
first described in the early 1970's by Nealson (1970) and Eberhard (1972). V.jischeri 
uses autoinduction to regulate phenotypic expression ofbioluminescence, the 
biological production of light. V. jischeri is a symbiotic bacterium that inhabits the 
light organs of certain marine fishes and squids (Ruby and McFall-Ngai, 1992; Kaiser 
and Losick, 1993 ), and also occurs free-living in sea water. The light organs of marine 
organisms are often adapted to harbor pure cultures of the luminescent bacteria. The 
advantages ofbioluminescence have not been clearly established, but roles in deterring 
predators, attracting prey, communication, and camouflaging have been proposed. 
Monocentris japanicus, the flashlight fish, provides a good example of how fish may 
use the production of light by V. jischeri to its advantage. M. japo11ic11s is a middle 
level marine fish that come& out at night to search for food. Unfortunately for M 
japonicus, to any predator lurking below, the fish appears as a very dark object 
moving against the bright background of the moon. To solve this problem, M. 
japonicus harbors a very dense population of V. jischeri in a 'light ring' around the 
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esophagus. V. jischeri produces light that reflects off of the dorsally located swim 
bladder, and light is reflected through the belly of the fish. This results in "ventral 
countershadowing", allowing M japonicus to appear invisible to predators deeper 
down in the ocean. 
The V. jischeri autoinducer is 3-oxo-N-(tetrahydro-2-oxo-3-
furanyl)hexanamide (V AI) (Eberhard et al., 1981 ), which is commonly referred to as 
homoserine lactone. A concentration of IO nM of V AI is sufficient to activate 
transcription of the genes that induce bioluminescence (Kaplan and Greenberg, 1985), 
and this correlates to a cell density of about 10 7 cells/mL. It has been shown that 
addition of purified V AI to low density cultures of V. fischeri will increase 
luminescence (Eberhard, 1972), but that addition of extracts of auto inducer from other 
luminescent bacteria such as the closely related Vibrio harveyi will not induce 
luminescence in V.fischeri, i.e. autoinducer is strain specific (Eberhard, 1972; Nealson 
et al., 1970). 
The genetic elements required for autoinduction of luminescence in V. fischeri 
were first cloned into E.coli by Engebrecht et al. (1983). The genes are composed of 
two transcription units whose start sites are 150 base pairs apart. One unit contains 
luxR, which encodes the protein LuxR that is the transcriptional activator of genes 
involved in luminescence. The other unit is the luxICDABEG operon, which encodes 
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V AI (from tuxl) and all enzymes required in the pathway of production oflight. The 
size of the complete tux operon is 9 kilobases (Figure 1). 
+- OPERONS 
luiR lux,1-·-· /Ul(C l~uxO I fUJllt lulfB IU¥E GEN!S 
28 22 .4 34 40 37 44 GENE PRODUCTS 
1
Regulatlan I I Aldehyde Luc1leraae ('ldehydel RJNCTIONS 
lcllcbase pairs 
0 2 3 4 • 6 7 • • 
.... 
Figure 1. Organization and function of lux genes from Vibrio fischeri. The leftward 
arrow marks operon L ( containing luxR), and the rightward arrow marks operon R. 
The gene products and their sizes are shown (from Swift et al., 1993). 
The tuxR gene encodes a 250-amino acid protein, and the nucleotide sequence 
was determined by Engebrecht and Silverman (1987). LuxR is composed of two 
distinct subunits: a C-terminal domain extending from residues 160-250 (Choi and 
Greenberg, I 991 ), and an N-terminal domain. The C-terminal domain is involved in 
tux DNA binding and also in activation of transcription of the luxlCDABEG operon 
(Choi and Greenberg, 1991; Choi and Greenberg, 1992). The N-terminal domain, 
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including residues 2-156, is involved in negative regulation ofbioluminescence 
because removal of these residues results in high level transcription of luxIDCABEG. 
Therefore, the N-terminal domain interacts with the C-terminal domain and prevents 
DNA binding. However, in the presence ofV AI, the N-terminal domain ofLuxR 
interacts with autoinducer allowing binding of the C-terminal domain to the /ux box 
(Choi and Greenberg, 1991). The lux box is a 20 base pair inverted repeat located at 
position -40 from the /uxl transcription start site and is required for lux gene 
regulation (Devine et al., 1989). Point mutation analysis of LuxR has revealed that 
residues 79-127 are an autoinducer binding region (Shade! et al., 1990; Slock et al., 
1990) and that residues 184-230 contain the DNA binding region (Slock et al., 1990) 
Residues 196-210 contain the helix-tum-helix .that is required for DNA binding 
(Henikoff et al., 1990). Residues 211-250 are not required for DNA binding, and thus 
may be involved in activation of /11xIDCABEG transcription by interacting with the 
initiation complex necessary for activation (Choi and Greenberg, 1992). Also, LuxR is 
associated with the cytoplasmic membrane of/;'. fischeri (Kolibachuk and Greenberg, 
1993). Sequence similarities in the C-terminal region is the basis for defining 
transcriptional activators belonging to the LuxR family. Members of the family can be 
further subdivided based on sequence similarities in the N-terminal domain (Stock et 
al., 1990). 
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The luxl gene encodes a 193 amino acid protein that directs synthesis of V AI 
and is therefore considered autoinducer synthetase (Engebrecht and Silverman, 1984). 
Engebrecht and Slverman (! 984) also determined that the structural genes luxC, luxD, 
and luxE code for the enzymes reductase, transferase, and acyl-protein synthetase, 
which are components of the complex that converts a fatty acid to an aldehyde 
(Figure 2). 
Lipids 
I 
0 
. 1 Transferaso 
Acyl·ACP -.-. .._-
0
- CH, (CH 2 ),. COOH I . ~---
II 
CH, ( CH 2 ),. CH 
Fatly Acid 
Biosynlhesis 
I 
Luciferose 
Light 
Figure 2. Pathway of aldehyde formation and light production in the bioluminescent 
system of Vibrio jischeri. Acyl-ACP (acyl-Acyl Carrier Protein) activates the fatty 
acid through the cleavage of ATP to form R-CO-AMP (from Meighen, 1988). 
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The aldehyde will serve as a substrate for the enzyme luciferase, whose a. and 13 
subunits are encoded by the luxA and luxB genes, respectively. Luciferase is a mixed 
function oxidase that will produce a blue-green light through oxidation of both 
FMNH2 and an aldehyde (Meighen, 1988). 
Homologous Regulatory Systems 
Several bacteria contain regulatory systems homologous to the luxRJ/uxI 
system of transcriptional regulation. Some of these bacteria have been shown to 
produce a diffusible compound similar to V AI produced by V. jischeri (Figure 3). 
Agrobacterium tumefaciens and Pseudomonas aeruginosa both contain a signal 
generator homologous to Lux! and a transcriptional activator homologous to LuxR 
These systems, however, do not regulate bioluminescence. Instead, they regulate the 
expression of factors associated with the virulence of the organism. Other organisms 
that contain a homologous luxRJluxI system include Envinia carotovora, Escherichia 
coli, Enterobacter agglomerans, Vibrio cholerae, and Aeromonas sa/monicida 
(Henikoffet al., 1990; Piper et al., 1993; Gambello et al. 1993; Pirhonen et al., 1993: 
Jones et al., I 993). 
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Figure 3. Structure of V. jischeri autoinducer (V AI) and similar compounds 
produced by other bacteria. (A) V AI, N-(3-oxohexanoyl)-L-homoserine lactone; (B) 
HAI, from Vibrio harveyi, N-(3-hydroxybutanoyl)-L-homoserine lactone; (C) AAI, 
from Agrobacterium tumefaciens, N-(3-oxooctanoyl)-L-homoserine lactone; and (D) 
PAI, from Pseudomonas aemginosa, N-(3-oxododecanoyl)-L-homoserine lactone 
(from Fuqua et al., 1994). 
The first LuxR homolog identified was the E. coli protein UvrC-28 kDa (Henikoff et 
al., 1990). This protein is presently referred to as SdiA, and it regulates theftsQAZ 
operon. Products of this operon are involved in cell septation, and regulation of the 
ftsZ by a LuxR homolog suggests that cell division in E. coli may be influenced by cell 
density (Fuqua et al., 1996). 
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Agrobacterium tumejaciens is a plant pathogen that causes formation of crown 
gall tumors on the plant host by transferring oncogenic DNA fragments from the Ti 
plasmid to the plant cell nuclei (Winans, 1992). This conjugation requires a high cell 
density and is regulated by the LuxR/Luxl homologs TraR and Tral (Piper et al., 
1993). 
Pseudomonas aeruginosa is an opportunistic pathogen that infects burn 
patients as well as causing lung infections in immunocompromised patients. It has 
been shown that infection of P. aeruginosa involves a number of virulence factors. 
The regulatory gene lasR, cloned by Gambello and Iglewski ( 199 I), codes for the 
LasR protein which is homologous to the LuxR and TraR proteins. LasR regulates 
lasA, aprA (alkaline protease A), and toxA (exotoxin A), all of which are virulence 
factors associated withPseudomonas infections (Todor et al., 1991; Gambello et al., 
1993). The lasl gene codes for a diffusible molecule homologous with Lux! and Tral, 
and is required forthe expression of virulence genes in P. aemginosa (Passador et al., 
1993). 
Erwinia carotovora is a plant pathogen that produces cell wall degrading 
enzymes required for virulence, and a Lux! homolog designated Exp! has been 
characterized (Pirhonen et al., 1993). However, no LuxR homolog has been identified 
in E. carotovora. 
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LuxR homologues (TraR, SdiA, LasR, and RhiR) contain 18-25% identity in 
amino acid composition (Figure 4A), and alignment of homologous proteins show 
strong similarities in two main regions. One region is the area of V AI binding and the 
second is the helix-turn-helix DNA binding region. Luxl homologs have 28-35% 
identity (Figure 4B),and homology appears to be in two regions as in LuxR. 
Research Rationale 
The virulence factors of Edwardsiel/a ictaluri that cause disease in the channel 
catfish are unknown. The acute and the chronic forms of ESC involve different routes 
of infection and may involve different infectious doses of bacteria, and so it may be 
possible that quorum sensing is involved in the expression of virulence factors. 
Therefore, it is hypothesized that the expression of virulence factors by £. ictaluri is 
regulated by a LuxR/Luxl-like system of transcriptional control homologous to that 
characterized in Vibrio jischeri. Nucleotide sequences already characterized as being 
a member of the LuxR family can be used to probe a genomic library of£. ictaluri for 
luxR homologues. If present, these homologs can be isolated, cloned, sequenced, and 
used in chromosomal walking techniques to isolate and characterize genes regulated 
by these homologs. 
The objectives of this research are to isolate, clone, and possibly sequence luxR 
homologs from the catfish pathogen Edward1·iella ictaluri, and to compare any 
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identified sequences to known sequences deposited in GenBank available on the World 
Wide Web. 
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Figure 4. ( A) alignment of proteins homologous to LuxR; (B) proteins homologous 
to Luxl (from Fuqua et al., 1994). 
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Materials and Methods 
Genomic DNA Preparation of Vibrio jischeri 
Vibrio jischeri (strain MJl) was maintained on good vibrio medium ( l 0 g 
tryptone, 5 g casamino acids, 25 g NaCl, 4 g MgCl2! l g KC!, and 15 g agar; GVM) at 
25°C, and each of the other organisms were maintained on tryptic soy agar at 37°C. 
For DNA isolation, an overnight culture of V. jischeri in I 00 mL of GVM broth was 
transferred to a 250-mL centrifuge bottle, balanced with another centrifuge bottle, and 
centrifuged at 6000 x g for l 0 minutes at 4°C. The supernatant was decanted into a 
discard beaker containing disinfectant. The cells were resuspended in IO mL of ice 
cold TES buffer (10 mMTris, pH 8.0, with 5 mMEDTA and 1.5% NaCl). The 
suspension was transferred to a sterile 50-mL polyallomer Oak Ridge centrifuge tube 
and the 250-mL centrifuge bottle was rinsed with an additional 2 mL of ice cold TES 
buffer. The remaining suspension from the 250-mL bottle was then transferred to the 
50-mL Oak Ridge tube. One milliliter ofa freshly made solution oflysozyme (Sigma 
Chemical Company, St. Louis, MO.) at a concentration of IO mg/mL was added to the 
cell suspension, mixed, and incubated on ice for IO minutes. Proteinase K was added 
to a final concentration of 50 ~Lg/mL and thoroughly mixed. The suspension was then 
incubated in a shaking water bath at 55°C for IO minutes. Cells were lysed by adding 
20% sodium dodecyl sulfate (SDS) to a final concentration of I%, and mixed by 
gently rocking back and forth (Marmur, 1961 ). The Oak Ridge tube containing the 
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cell suspension was placed in a 55°C shaking water bath for 20 minutes. After the 
incubation, a 1/3 volume of 6 M NaCl was added and thoroughly mixed (Miller et al., 
1988). The cellular debris was pelleted by centrifugation at 1300 x g for 10 minutes. 
The supernatant containing the DNA was transferred to a 50-mL conical tube, and an 
equal volume of91% isopropanol was added and mixed to precipitate the DNA. The 
DNA was spooled on a sterile glass rod, rinsed with 70% ethanol, and the glass rod 
was inverted in a 15-mL conical tube to allow the DNA to air dry. The DNA was 
dissolved in 5 mL TE buffer (IO mM tris, pH 8.0, and I mM EDT A) containing 20 
µg/mL ofribonuclease A (Sigma Chemical Company, St. Louis, MO.) and incubated 
at 55°C overnight. The DNA was stored at -20°C until needed. 
Genomic DNA Preparation of Edwardsiella ictaluri, Pseudomonas aeruginosa, 
Escherichia coli, and Edwardsiella tarda. 
Edwardsiella ictaluri (American Type Culture Collection, Bethesda, MD.) was 
maintained on brain-heart infusion broth at 28°C. Each of the other organisms were 
maintained in TSA broth at 3 7°C. DNA isolation from these bacteria incorporated the 
same procedure as for V jisl·heri DNA isolation except that ice cold TE buffer ( I 0 
mMTris, pH 8.0, with lmMEDTA) was used instead of TES buffer. Each DNA 
sample was stored at -20°C. 
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Phenol Extraction of Genomic DNA 
Phenol extraction was performed to remove any contaminants that may have 
been present in the genomic DNA preparations. Aliquots ( 400 µL) were transferred 
to 1.5-mL microcentrifuge tubes and an equal volume of phenol was added to each 
sample. The tubes were shaken vigorously to mix the phenol with the DNA solution. 
The tubes were briefly centrifuged at 14,000 rpm to separate the two phases. The top 
aqueous layer was transferred to another tube. An equal volume of ether was then 
added to each tube and mixed well. The tubes were briefly centrifuged again, and the 
top layer containing the ether was discarded. A 1/10 volume of 3 M sodium acetate 
was added to each sample and mixed well. An equal volume of95% ethanol was 
added to precipitate the DNA, and the tubes were centrifuged for 10 minutes at 
12,000 rpm. The ethanol was decanted, and the pellet was allowed to dry in a vacuum 
hood. The pellet was then resuspended in TE buffer, and was stored at -20°C. 
Large Scale Purification of Plasmid DNA 
A modification of the alkaline lysis procedure ofBirnboim and Doly (1979) 
was used to isolate and purify the plasmid pGEM. An overnight 200 mL broth culture 
ofE. coli DH5a cells containing the plasmid pGEM-3Zf(+) (see plasmid map, Figure 
5) were transferred to a 250-mL centrifuge bottle and centrifuged at 6000 x g for 10 
minutes at 4 °C. The supernatant was discarded and the pellet was resuspended in 6 
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Figure 5. Vector map ofpGEM-3Zf{+), including restriction enzyme recognition 
sites. 
mL of ice cold GTE/lysozyme. The buffer was run up and down in the pi pet until the 
pellet was completely homogenized. The cell suspension was transferred to a sterile 
50-mL Oak Ridge centrifuge tube,. and the suspension was incubated at 25°C for five 
minutes. Twelve milliliters of 1 % SDS/0.2 tvJ NaOH was added and mixed gently by 
inverting several times, and the suspension was incubated on ice for 10 minutes with 
occasional mixing. Nine milliliters of ice cold 5 M potassium acetate (pH 4.8) was 
added and the tube was inverted sharply several times. The suspension was incubated 
on ice for IO minutes. The tube was evenly balanced against another tube and 
centrifuged at 12,000 rpm for 20 minutes at 4°C. The entire volume of supernatant 
was then transferred to a sterile 50-mL polyallomer Oak Ridge tube, and 0.6 volumes 
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of91 % isopropanol was added to the Oak Ridge tube, then incubated at 25°C for 5 
minutes. The DNA was pelleted by centrifuging at 12,000 rpm for IO minutes at 
25°C, the supernatant was discarded, and the pellet was washed with 5 mL of 70% 
ethanol .and allowed to air dry in a vacuum hood. The pellet was dissolved in 7. I mL 
of sterile TE buffer. Ribonuclease A was added to a final concentration of 70 µg/mL 
and incubated at 37°C for 10 minutes. Fifty microliters ofProteinase K (10 mg/mL) 
was added and incubated an additional IO minutes at 37°C. Exactly 7.0 mL of the 
plasmid/TE solution was added to a 50 mL beaker along with 7.0 g of cesium chloride 
and swirled until all of the cesium chloride had dissolved. A 1-mL syringe was used to 
add 0.70 mL ofethidium bromide (10 mg/mL) to a polyallomer ultracentrifuge tube, 
and a 10-mL syringe was used to transfer the entire volume of the cesium chloride 
suspension to the polyallomer tube. The remainder of the tube was filled with light 
paraffin oil to just below the bottom of the tube opening. The tube was prepared for 
ultracentrifugation as per instructions. The tube was centrifuged at 40,000 rpm for 36 
hours at 20°C. 
After removal from the ultracentrifuge, the tube containing the plasmid was 
placed in a clamp on a ring stand and observed under a mid-range UV light. A I 000-
mL beaker was placed under the ultracentrifuge tube and an 18-gauge needle was 
inserted into the top crimp of the tube. Then a second 18-gauge needle attached to a 
5-mL syringe was used to puncture the tube 3-4 mm below the band containing the 
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plasmid. The bevel of the needle was pointed up towards the plasmid band, and the 
plasmid was slowly collected into the syringe. After removing the plasmid band, the 
needle was carefully removed from the tube, and any contents leaking from the tube 
were collected in the beaker. About 0.5 mL of air was drawn into the syringe, the 
needle was capped and removed, and a clean 18-gauge needle with a "U" shaped bend 
in it was placed on the syringe. A volume equal to the aqueous volume was drawn up 
into the syringe, and the syringe was shaken for 3 0 seconds. The ethidium bromide 
extracted into the isobutanol phase, and this was discarded into the waste beaker. The 
isobutanol extractions were performed until all of the pink color disappeared from the 
aqueous solution. The extracted CsCl solution was transferred to a piece of dialysis 
tubing, MWCO 6-8,000 (Spectrum Medical Industries, Houston, TX.) and dialyzed at 
4°C against three changes of TE buffer in a 2000-mL beaker with stirring. 
After dialyzing with three changes of TE buffer, the plasmid prep was removed 
from the tubing and transferred in 400 µL aliquots to as many 1.5-mL microcentrifuge 
tubes as needed. Then 0.1 volume of 3 M sodium acetate was added to each tube and 
vortexed to mix. Two volumes of ice cold 95% ethanol was then added and the tubes 
were inverted several times to mix. The solution was incubated on ice for 15 minutes 
to allow the plasmid DNA to precipitate. The tubes were then centrifuged 10 minutes 
at 14,000 rpm in a microcentrifuge to pellet the plasmid DNA. The supernatant was 
decanted and the peliet was rinsed with 1000 eLL of ice cold 70% ethanol, then 
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centrifuged for five more minutes at 14,000 rpm. The supernatant was discarded and 
the last traces of ethanol were removed. The pellet was allowed to dry in a vacuum 
hood for 15 minutes and was then dissolved in 40 µL of sterile TE buffer. All tubes 
containing the plasmid were finally placed in a sterile microcentrifuge tube. 
Spectrophotometric Analysis of DNA 
Dilutions of the genomic and plasmid DNA's, 1/20 and 1/100, respectively, 
were prepared in sterile TE buffer. For a 0.05 dilution, 50 µL of sample DNA was 
added to 950 µL of sterile TE buffer to give a total volume of I mL. The 
spectrophotometer was zeroed at A260 (absorbance at 260 nm) by placing I mL of TE 
buffer into a quartz cuvette and adjusting the spectrophotometer to zero absorbance 
(100% transmittance). Each of the DNA samples were placed into cuvettes, and 
readings were taken at A260, A2so, and A234 in a Milton Roy Spectronic 1201 
spectrophotometer. Concentrations were calculated by dividing the determined A260 
by 0.05 to get a corrected A260- The corrected A26o was then multiplied by 50 µg/mL 
to get the concentration in µg/mL. These results were then converted to ~lg/~LL. 
Calculations were also made to determine if RNA and/or protein contaminants were 
present in the samples (Johnson, I 98 I). 
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Restriction Digestion of Genomic DNA 's and pGEM-3Zf( +) 
Each of the genomic DNA's were cut with Sall (New England Biolabs, 
Beverly, MA.) restriction enzyme and the plasmid vector was cut with BamHI (New 
England Biolabs) using the following protocol: 
lOX Buffer Amount of Water !OX Restriction Total 
DNA BSA enzyme Volume 
Chromosomal DNA San 
5 µL 38 µL 5 µL 0 µl 2 µL 50 µL 
Vector DNA BamHI 
4µL 28 µL 0 µl 4 ~LL 4 µL 40 µL 
The digestion reactions were incubated in a 37°C water bath overnight. 
Agarose gel electrophoresis was used to verify that digestion had occurred. A 0. 7% 
agarose solution was prepared by dissolving O. 7 g of agarose in I 00 mL of 1 X T AE 
(tris base, glacial acid, and 0.5 MEDTA) on a heat/stir block. The ends ofa casting 
tray were sealed with tape, the agarose was poured to a depth of 4-5 mm, and a 12-
tooth comb was inserted in the appropriate position in the casting tray. After 
solidifying, the gel was placed in an electrophoresis chamber containing IX T AE with 
the wells facing the black electrode and the 12-tooth comb was removed. Five 
microliters of DNA was mixed with I µL of type I electrophoresis loading dye (0.25g 
bromphenol blue, 0.25 g xylene cyanol, 40.0 g sucrose, 5.0 mL 20% SOS, and 20.0 
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mL 0.5 MEDTA, pH 8.0), vortexed and centrifuged to mix, and each of the mixtures 
were added to the wells. The electrodes were attached to a power supply, and the 
voltage was set at 70 volts. The electrophoresis was complete when the bromphenol 
blue dye migrated about 2/3 of the way down the gel. 
Ligation of Restriction Fragments of Genomic DNA to pGEM-3ZJ(+) Vector 
E. ictaluri DNA was also cut with Sau3A to allow ligation into pGEM which 
had been cut with BamHI. A pilot experiment was set up to determine the optimum 
cutting parameters of Sau3A on E. ictaluri. Five tubes were set up and each had I 0 
µL of E. ictaluri DNA, 2 >tL of I OX buffer, 2 ~LL of I OX BSA, and 4 µL of water. 
Two microliters of Sau3A was added to tube #I and mixed. Then 2 µL of the mixture 
from tube # I were transferred to tube #2, and so on to tube #4 to create a series of 
dilutions with the restriction enzyme .. Tube #5 did not receive any Sau3A, and thus 
served as the control for the pilot experiment. 
Fragments of E. ictaluri cut with Sau3A form tubes #2 and #3 were mixed 
with BamHI cut pGEM using the following ligation protocol: 
Tube Digested E. ictaluri Water !OX Total 
pGEM DNA buffer 
LI I µL I ~LL 25 >LL 3 >tL 30 >tL 
L2 5 µL I µL 21 >LL 3 µL 30 µL 
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After adding all ingredients, the tubes were capped and vortexed to mix. The 
tubes were then spun in a microcentrifuge to pool the reagents to the bottom. Two 
more microcentrifuge tubes were labeled L 1/T 0, L2/T 0. Five microliters of the 
corresponding ligation mix was added to each tube, and the ligation/To tubes were 
spun to pool the mixture to the bottom. The tubes were placed in ~ freezer box, and 
were used to analyze the ligation mixtures before the addition ofT4 DNA ligase. One 
microliter ofT4 DNA ligase was added to the ligation mixture tubes, the tubes were 
vortexed to mix, and the reagents were pooled to the bottom by microcentrifugation. 
The ligation mixtures were incubated at 16°C overnight in a thermocycler (Sambrook 
et al., 1989). 
After overnight incubation, five micro liters of the ligation mixtures were 
loaded into a 0.7% agarose gel along with the ligation/To mixtures. The mixtures were 
electrophoresed, and upon completion were stained with ethidium bromide for 
visualization. 
Preparation of Competent E coli DHSa Cells 
One liter of Luria broth(!% tryptone, 0.5% yeast extract, I% NaCl, pH 8.0) 
was inoculated with a fresh overnight culture ofDH5a cells. The broth was shaken at 
37°C until an ABS600 of approximately 0.5-0. 7 was reached. The cells were harvested 
by centrifugation in cold bottles at 4000 x g for 15 minutes at 4°C. As much 
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supernatant as possible was removed, and the cells were resuspended in a total of I L 
of ice-cold 10% glycerol. The cells were centrifuged as before. The cells were 
resuspended in 0.5 L of ice-cold 10% glycerol and centrifuged again. The cells were 
resuspended in 250 mL of ice-cold 10% glycerol and centrifuged again. The cells 
were finally resuspended in a volume of 3-4 mL of ice-cold glycerol, making the cell 
concentration of about 1-3 x 1010 cells/mL. The 0.5 mL aliquots were placed at 
-80°C until needed. 
Electroporation and Plating of the Ligation Products 
The competent cells were gently thawed at room temperature and immediately 
placed on ice. The 0.1-cm cuvettes and the white chamber slide were also placed on 
ice. In a cold, 1.5 mL microcentrifuge tube, 40 µL of the competent cell suspension 
was mixed with 1.5 ~tL of digested E. ictaluri D_NA, mixed, and allowed to sit on ice 
for about one minute. The E. coli Pulser- Transformation Apparatus (BIO RAD, 
Richmond, CA.) was set at 1.80 kV for use with the 0.1 cm cuvettes. The 
transformation mixture was transferred to the cold electroporation cuvette, and the 
cuvette was placed in the cold chamber slide. The slide was pushed into the chamber 
until the cuvette was between the contacts in the base of the chamber, and the mixture 
was pulsed one time. The cuvette was removed from the chamber and I mL of SOC 
(2% tryptone, 0.5% yeast extract, IO mMNaCl, 2.5 mMKCl, IO mMMgC!i, 10 mM 
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MgSO4, and 20 mM glucose) was immediately added to the cuvette. The cells were 
gently resuspended with a micropipetter, and the cell suspension was then transferred 
to a 1.5 mL microcentrifuge tube. The suspension was incubated at 3 7°C for one 
hour. Fifty, 100, and 200 µL of the suspension was plated on LB plates containing 
ampicillin (50 µg/mL) and X-gal (40 µg/mL), and were placed in a 37°C incubator 
overnight. Growth of blue colonies represented transformed cells without an E. 
ictaluri insert, whereas white colonies excluding satellite colonies represented 
transformed cells with an E. ictaluri insert. 
Probe Selection for Sou them and Colony Blot Hybridizations 
A number of organisms included in the LuxR family of transcriptional 
regulators exhibit amino acid and nucleotide sequence homology in the C-terminal 
region of the luxR gene. The nucleotide sequences of V. jischeri luxR (Engebrecht 
and Silverman, I 987), P. aen,ginosa lasR (Gambello and Iglewski, 1991 ), and E. coli 
SdiA genes were all identified through the National Center for Biotechnology 
Information using the GenBank software (Altschul et al., 1990) which is available 
on1ine via the World Wide Web. Regions of homology were identified and the 5'-3' 
nucleotide sequence was deduced for each of the organisms. A sequence used for 
hybridizations experiments was sent to OPERON TECHNOLOGIES (Alameda, Ca.) 
to be constructed. The following kinase reaction was set up to attach the 32P to the 
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probe: 1 µL probe (30-mer) at 20 pmoles/µL, 2 µLy 32P-ATP, 1 µL polynucleotide 
kinase, and 1 µL polynucleotide kinase buffer. The mixture was placed on a 3 7°C 
block for one hour. The labeled probe was then stored in a lead container at 4°C until 
needed. 
Southern Blotting with 32P Labeled Oligonucleotide Probe 
The technique developed by E.M. Southern ( 1975) was used to determine if£. 
ictaluri contained a luxR homologue. Target DNA was cut with Sall restriction 
enzyme and the fragments were separated out on separate agarose gels by 
electrophoresis at 70 volts. Zetabind® membranes (Cuno, Inc., Meriden, CT.) were 
cut to the exact size of the gels, and the membranes were floated in deionized water. 
Gloves were always worn when handling the membranes. The gels were inverted and 
placed on the Whatman 3MM wicks so that the open wells were adjacent to the wicks. 
The upper surface of the gels were rinsed with several milliliters of0.4 N NaOH (Reed 
and Mann, 1985). A membrane was then carefully placed on top of each gel using 
forceps. Four pieces of3MM blotter were rinsed with 0.4 N NaOH and placed on top 
of each membrane. A small stack of paper towels was then placed on top of the 3MM 
wicks. A book was placed on the top to push the wicks down, and the finished 
Southern apparatus looked like Figure 6 when completed. The Southern blot was left 
overnight to complete the transfer. 
28 
After overnight transfer, the absorbent paper and the paper towels were 
removed and discarded. Gloves were worn, and precaution was taken to prevent 
disturbing the membranes. The membrane and the gel were removed as a single unit, 
and the position of the wells were marked with a permanent marker. The gel was then 
removed and discarded. Each membrane was floated, DNA side down, in SX HPB 
(high phosphate buffer; 2.5M NaCl, 0.5M Na2HP04, 0.026M EDT A in IL water) 
wash and agitated for five minutes on a platform shaker. The membrane was removed 
from the SX HPB and placed on 3MM paper to blot dry with the DNA side up. The 
membrane was finally placed between two pieces of3MM paper and allowed to dry. 
Figure 6. The Southern blotting apparatus (from Winfrey et al., 1995). 
After drying, the membrane was transferred to a Seal-a-meal bag and the bag 
was heat sealed so that it was approximately I cm larger than the membrane on three 
sides and 3 cm larger on one side. One corner was cut off so that there was an 
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opening large enough to put a pipette tip into the bag. One milliliter of pre-
hybridization buffer ( 4 mL 5X high phosphate buffer, 2 mL 10% sarcosyl, 14 mL 
sterile water, and 100 µL calf-thymus DNA) was added to the bag, all bubbles were 
carefully removed, and the bag was placed at room temperature for 30 minutes. 
One comer was cut off of the bag and two micro liters of labeled probe was 
added to the bag. The bag was sealed and returned to room temperature for overnight 
incubation. 
After overnight incubation, one comer was clipped off of the bag. The 
hybridization buffer was carefully poured into a disposable plastic beaker, and 
approximately IO mL of rinse solution # 1 ( 1 mM tris HCl pH 8.0, 1 % sarcosyl) was 
poured into the bag. Gentle agitation was used to rinse the membrane, and the rinse 
was poured into the waste beaker. The bag was cut on two sides, and the membrane 
was removed with tweezers and placed in rinse solution # 1 for two minutes. The 
membrane was transferred to rinse solution #2 (1 mM tris HCl pH 8.0) in a plastic 
container and allowed to rinse for an additional 5 minutes. The membrane was 
subsequently placed on 3MM paper to air dry. Autoradiograms of the Southern blots 
were developed to allow visualization of DNA to which the labeled probe had 
annealed. 
If Southern blot analysis reveals that E. icta/uri is positive for a homologous 
luxR gene, then colony blot hybridizations (Grunstein and Hogness, 1975; Maas, 
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1983) will be performed to find clones containing a homologous E. ictaluri insert. 
Positively identified clones will then be sequenced using published procedures (Sanger 
et al., I 977; Innis et al., 1988). 
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Results 
Overnight cultures of Edwardsiella ictaluri, Escherichia coli, Edwardsiella 
tarda, Pseudomonas aeruginosa, and Vibrio fischeri were treated as described and the 
DNA from each was isolated. Upon isolation, each DNA sample was extracted with 
phenol to remove any RNA and protein contaminants. The DNA was then checked for 
RNA and protein contamination through spectrophotometric analysis, and the 
concentration of the samples were determined (Table 2). 
Table 2. Spectrophotometric analysis of£. ictaluri, E. coli, E. tarda. P. aeruginosa, 
and V.fischeri DNA. 
Sample Dilution A2•0 A2,o A234 A2•0/A2,o A234I_A2,o Cone. !Jg/b!L 
E. ictaluri 0.05 0.186 0.116 0.113 1.60 0.61 0.186 
E. coli 0.05 0.359 0.241 0.267 1.49 0.74 0.359 
E. tarda 0.05 0.217 0.146 0.143 1.49 0.66 0.217 
P. aeruginosa 0.05 0.263 0.152 0.181 1.73 0.69 0.263 
V.fischeri 0.05 0.177 0.1 I 6 0.112 1.53 0.63 0.177 
A calculated value of the A260:A280 ratio greater than 1.85 would have meant 
RNA contamination in the samples. However, each of the isolated samples except for 
P. aeruginosa had A260:A280 ratios that fell below the 1.65-1. 85 range for pure double 
stranded DNA. A calculated value of the A234 :A260 ratio greater than 0.50 would 
indicate protein contamination in the samples (Johnson, 1981 ). Therefore, each of the 
samples were in fact contaminated with protein. 
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pGEM-3Zf(+) was isolated by the cesium chloride centrifugation method, and 
a sample was run on a O. 7% agarose gel to determine the concentration by comparing 
to a 0.1 µg/µL standard concentration ofpGEM-3Zf(+). The concentration of the 
plasmid was estimated to be about 1/3 of the standard, which would be about 0.03 
µg/µL. 
A 5 '-3' oligonucleotide probe was selected that should anneal in hybridization 
experiments to V. ftscheri luxR, P. ae111ginosa lasR, and £. coli SdiA genes, with V. 
ftscheri serving as the control for the experiment. A region of similar amino acid 
structure in the C-terminal region of each of these was deduced to the DNA nucleotide 
sequence and a probe was developed from the homologous nucleotide sequences 
(Table 3). The sequence was sent to OPERON TECHNOLOGIES (Alameda, CA.) 
and a probe was developed by the company. The probe was received at Morehead 
State University, and y 32P-ATP was attached to the 3' end through a kinase reaction. 
Each of the target DNA's were cut with Sall, and proper cutting was verified 
by agarose gel electrophoresis (Figure 7). A comparison between uncut and cut DNA 
shows that cut DNA is smaller in size and travels further down the gel during 
electrophoresis. 
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Table 3. Selection of nucleotide sequence to which radioactive 32P was attached and 
used as a probe. A, G, C, and T represent the identical sequence in the probe. N 
represents any of A, G, C, or T; R (A/G); Y (C/T). 
Organism Gene 
V.fischeri luxR 
P.aeniginosa lasR 
E.coli SdiA 
Probe 
5 '-3' Nucleotide Sequence 
TIAACCAAAAGAGAAAAAGAATGTTTAGCGTGG 
CTGACCAGCCGGGAGAAGGAAGTGTIGCAGTGG 
TICAGCAAGCGCGAAAAAGAAATICTGAGGTGG 
ANCARNNGNGARAARGAANNNYTRNNGTGG 
Figure 7. 0.7% agarose gel showing Vihriofischeri (lanes 2 & 3), Pseudomonas 
aeruginosa (lanes 4 & 5), E. coli (lanes 6 & 7), E. ictaluri (lanes 8 & 9), and E. tarda 
(lanes IO & I I) DNA in the uncut vs. cut forms. Lane I is lambda DNA cut with 
HindlII. 
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E. ictaluri DNA was also cut with Sau3A in a separate digestion reaction. 
Optimum cutting conditions were determined through a pilot experiment (Figure 8). 
Tubes 2 and 3 were combined in a single tube, the total volume was brought up to I 00 
mL with water, and the cut sample was phenol extracted. The cut DNA was 
resuspended in 30 µL of TE buffer. The cut fragments of E. ictaluri were ligated into 
BamHI cut pGEM. This was possible because the recognition sites of Sau3A (GATC) 
and BamHI (GGATCC) are similar. 
The ligation was successful, but only to a minimum extent (Figure 9). 
Transformation of the ligated products and subsequent spreading onto LB/amp/xgal 
revealed that the ratio of blue colonies ( competent DHSa cells containing pGEM 
without an E. ictaluri insert) to white colonies (competent DHSa cells containing 
pGEM with an E. ictaluri insert) was approximately 3: I. A very successful ligation 
would have resulted in all white colonies and no blue colonies. No colony blot 
hybridizations were performed due to the low number of white colonies. 
DNA was successfully transferred from the agarose gel to the membrane 
through the Southern blot, and the sections of membrane containing cut V. fischeri 
and E. ictaluri were hybridized with the radiolabeled probe. An autoradiogram 
(Figure 10) showed that the probe had only attached to the Vibrio DNA. The probe 
did not attach to any of the other target DNA's. 
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Figure 8. 0.7% agarose gel of Sa113A pilot experiment (lanes 2-6). Lane 6 is the 
control with no restriction enzyme. Lanes 3 and 4 showed optimum cutting 
parameters, and were used for ligation into the pGEM vector. Lane I is a lambda 
ladder cut with HindIII showing approximate fragment sizes in kilobases; lane 7 is 
uncut pGEM and lane 8 is pGEM cut with BamHI. 
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Figure 9. 0. 7% agarose gel showing ligation of E. ictaluri into pGEM. Lanes 2 and 
3 are L 1/To and Li/Tend; lanes 4 and 5 are Li/To and L,/T ,nd; lanes 6 and 7 are L,/To and 
L3/T,nd; and lanes 8 and 9 are L4/T0 and LJT,nd, Lane I is 11. DNA cut with HindIII. 
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Figure 10. Autoradiogram of Southern blot comparing attachment of the tux probe to 
Vibrio jischeri and Edwardsiella ictaluri. Both membranes were incubated at room 
temperature. Exposure time was 24 hours. 
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Discussion 
Edwardsiella ictaluri is the causative agent of a fatal disease in cultured 
channel catfish, and the pathology of the disease is probably associated with 
extracellular virulence factors that are expressed through transcription of DNA 
contained in the genes of the pathogen (Stanley et al., 1994). Stanley et al. (1994) 
found that virulent strains of E. ictaluri can be differentiated from less virulent ones by 
qualitative and quantitative differences in extracellular products. Some bacteria that 
rely on production of virulence factors for their pathogenicity have been shown to 
possess homology in particular areas of DNA, and these bacteria have been placed in 
the luxR/luxI family based on the V. fischeri model (Fuqua et al., 1994). This research 
does not support the hypothesis that Edwardsiella ictaluri contains a luxR homolog 
due to the results of the Southern blot analysis (Figure 10). 
DNA was isolated from each of the organisms, and spectrophotometric 
analysis revealed protein contamination in all of the samples. The contamination may 
have been the basis for some of the problems that occurred throughout the research, 
but because the samples were treated with Proteinase K and phenol extracted, one may 
assume that the contamination was not problematic. 
Cloning Sau3A fragments of E. ictaluri into pGEM cut with BamHI was 
unsuccessfully attempted several times. Only one of the ligation experiments resulted 
in transformed cells that contained E. icta/uri inserts. The concentrations of the 
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vector and/or insert may have either been too low or the ratio of insert:vector may 
have been incorrect. Incorrect ratios may have lead to higher concentrations of the 
vector and the two ends of the vector could ligate to produce an intact vector. 
Another possibility is that the insert molecules could ligate to themselves (Winfrey et 
al., 1995). 
Due to a poor ratio ofblue:white colonies in the transformed cells and because 
of the negative results of the Southern blot, no colony blot hybridizations were 
performed. The findings of this research could have been further supported with 
conclusive results from a colony hybridization of an E. ictaluri library. Proper cloning 
of E. ictaluri into a vector may allow any continuing research to identify a nucleotide 
sequence of E. ictaluri DNA which may be compared to known lux homologs 
deposited in GenBank (National Center for Biotechnology Information). 
Swift et al. (1993) identified luxI homologues based on the production of 
OHHL using a lux plasmid-based bioluminescent sensor for OHHL, and that 
production of OHHL indicates the presence of a gene equivalent to luxI in these 
bacteria Swift et al. (1993) suggested that hybridizations between the luxI 
homologues lasl, earl, exp I, and eagl with cloned V. fischeri luxI provided no 
evidence of homology at the DNA level, and therefore identification of luxI 
homologues should be through phenotypic expression. 
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Conclusions are based solely on the V. fischeri control and not on the E. coli 
or Pseudomonas controls even though the probe sequence was developed to anneal to 
each of these luxR homologs. The initial trials of Southern blotting were unsuccessful, 
therefore subsequent trials contained only the V. fischeri and E. ictaluri DNA. The 
radioactivity of the 32P had lowered to undetectable amounts by the time proper 
parameters were reached with the V. fischeri control, and therefore no comparison 
could be rendered with the remaining two controls. 
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